This study examined the effects of bread crumb and crust structure on volatile release 2 and aroma perception during oral processing. French baguettes with different crumb 3 structures were procured from a supermarket or local bakeries (n=6) or produced in the 4 laboratory via par baking (n=3). Eight study participants consumed crumb-only and 5 crumb-and-crust samples, and the resulting volatile release was measured in vivo using 6 proton transfer reaction-mass spectrometry. A statistical model was then used to 7 examine the contributions of volatile compounds to target ion production (i.e., crumb or 8 crust markers). Utilizing the three laboratory-produced breads, chewing behavior and 9 aroma perception were measured via electromyography and the temporal dominance of 10 sensations method, respectively. The results revealed that the initial levels of crumb 11 markers as well as crumb firmness affected crumb markers release. Crust markers were 12 released more quickly than crumb markers, leading to different perception dynamics. 13 14 15 16 Keywords 17 Proton transfer reaction-mass spectrometry (PTR-MS); Aroma release; Bread; Temporal 18 dominance of sensations (TDS); Introduction 21
8 passed before the samples were given to the participants. 20 The participants were asked 145 to rinse their mouths with mineral water (Evian, Danone, France) between sample types. 146 Measuring in vivo dynamics. The in vivo release of aroma compounds was 147 characterized using the multiple ion detection (MID) mode of the PTR-MS apparatus. 148 Three monitoring ions (m/z 21, 37, and 59) and eight target ions (m/z 45, 47, 57, 71, 73, 149 87, 95, and 97) were studied. Two series of measurements were performed ( Table 2) . As 150 a result, the cumulative dwell time of a given series was 0.55 s, which did not exceed the 151 expiration time of the participants. 22 Three replicates were performed for each series. 152 In each series, levels of m/z 21, 37, and 59 were quantified to verify measurement INRA-Grignon. Individuals were invited to join based on their motivation for participating 175 and their aroma discrimination abilities. They gave their free and informed consent and 176 received compensation for their participation. They were asked not to eat or drink for at 177 least one hour before the sessions.
178
Sensory assessment. All sensory analyses were carried out in individual booths under 179 white light in an air-conditioned room (20°C). Participants were presented with pre-cut 180 vertical slices of bread (2.5 cm thick) placed in plastic boxes labeled with randomly 181 selected three-digit numbers. They were asked to cut a CO or CC sample from the 182 vertical slice using the same protocol as in the PTR-MS sessions; they were also 183 instructed to be consistent in their sample cutting. This approach was employed to 184 maximize sample freshness.
185
After four sessions dedicated to the generation and selection of aroma attributes, a 186 training session was devoted to the temporal dominance of sensations (TDS) test. The 187 participants were introduced to the notion of dominance: a dominant sensation is the 188 sensation that triggers the most attention at a given point in time. 23 Only six samples (CO 189 and CC samples of B1, B2, and B3) were tested using TDS, which was implemented 190 using Fizz Acquisition software (Version 2.47A, Biosystemes, France). All six samples 191 were tested during a single session; three replicates were performed. The samples were 192 presented in randomized order to the different participants to avoid a bias in the results.
Participants were instructed to click on the "start" button when they introduced the 194 sample into their mouths. Then, they were asked to select its dominant attributes until 195 they could no longer perceive anything, at which point they were to click on the "stop" 196 button. They indicated when they had swallowed the sample by clicking on the "I'm 197 swallowing" button. Four aroma attributes ("wet flour", "fermented", "wheat", and "butter") 198 were used in the assessment of the CO samples, and seven ("wet flour", "fermented", 199 "wheat", "roasted cereals", "cardboard", "toasted", and "grilled") were used in the 200 assessment of the CC samples. 10 The list of attributes was presented in a randomized 201 order to the participants, but the order was always the same for a given participant. To different VOCs (ranging from three to ten). Therefore, to identify the VOC that most 233 contributed to producing a given ion, it was assumed that the contribution depended on 234 the amount of the VOC in the sample, VOC volatility, and the VOC's proportion of types. They had also larger amounts of the main VOC ion fragments. Bread type b3_T, a 292 traditional bread from a bakery (b3), had the firmest, densest crumb. Breads B2 and S_O 293 had the least dense crumb. On average, the crumb of the three ordinary breads (b1_O1, 294 b1_O2, and S_O) was less dense and more dry than that of the three traditional breads 295 (b1_T, b2_T, and b3_T). Moreover, the ordinary breads had very similar crumb structures 296 and VOC profiles; the traditional breads showed greater differentiation. Among the par-297 baked breads, breads B1 and B3 were similar in crumb structure, while breads B2 and 298 B3 had similar crumb VOC profiles.
299
Relative VOC contributions to target ions 300 To identify the ions to monitor, the contributions of each VOC to ion production were 301 determined based on the linear regression between the amount of a given ion, as crumb, but in this study, it was mainly related (58%) to 2-methyl-1-propanol, which was 311 found in the nine bread types used. This VOC is produced during fermentation, occurs in 312 large quantities in bread crumb, and is associated with sensory notes such as "glue", 313 "alcoholic", "wine-like", and "malty". 31 The m/z 87 ion seems to result from 2-314 methylbutanal (34%) and 3-methylbutanal (15%). In the crumb, these compounds are 315 mainly produced during fermentation (via the Ehrlich pathway); they are also known as than 0.5 but not significantly so. Some hypotheses may nonetheless be proposed. The 
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